Abstract
Introduction
The constantly research of new essential oil sources should be performed in order to meet the new needs of industry. Prickly pear cactus (Opuntia ficus-indica) is extensively cultivated in Tunisia. The current production is estimated at more than 1 200 000 tons of fruits per year. Seeds constitute about 10-15% of the edible pulp and are usually discarded as waste after extraction of the pulp. According to Stintzing et al. [1] , oil processed from the seeds constitutes 7-15% of whole seed weight and is characterized by a high degree of instauration wherein linoleic acid is the major fatty acid (56.1-77%). According to Hasani et al. [2] , the most active form of vitamin E in the oils seed is α-tocopherol which is believed to protect the body against degenerative malfunction, particularly cancer and cardiovascular disease. Fresh prickly pear seeds, by-products from prickly pear fruit processing, are highly perishable and their drying at equilibrium moisture content is recommended for the storage, standardization and the biochemical stability of the product before extraction [3] . According to the literature, convective drying affected the quantity and the quality of the extracted essential oil and volatile compounds from various medicinal and aromatic plants. Therefore, this work aims (i) to investigate the effect of the hot-air convective drying conditions on the drying kinetics of a thin layer of prickly pear seeds, (ii) to select the best mathematical model predicting the drying curves (iii) to study, according to full 2 3 factorial design approach, the effect of convective drying air conditions on the quality of fixed oil extracted from seeds, on the basis of the α tocopherol content, at temperature ranging from 45 to 70°C, relative humidity between 15 and 30% and air velocity of 1 and 2 m/s.
Materials and Methods
Fruit samples of the 'Ameclyae' variety in the ripe stage ( Fig.1) were harvested in August from Knais, region of Sousse (Tunisia). They were taken to the laboratory the same day, where they were carefully selected and washed with tap water to remove glochids and impurities. Then the fruits were air-dried during few minutes and manually peeled. Seeds were separated by pressing the whole edible pulp and rinsing the residue, several times abundantly with distilled water. A laboratory scale convective dryer (designed and constructed in the LETTM laboratory) was used for realising drying tests of thin-layer of seeds. For each experiment, a mass of 500 ± (1) g of fresh prickly pear seeds was distributed on a stainless perforated tray as a thin layer of about 0.5 cm thickness. The tray was suspended to a digital balance, the balance being placed outside the drying chamber. The dryer worked in closed loop and was equipped with an industrial programmable controller to adjust air temperature, air relative humidity and air velocity to a given set point. The mass of the product was continuously measured and recorded by a microcomputer until constant weight. At the end of each drying test, the essential oil of the seeds was extracted and submitted to qualitative analyses. The dry mass of the product was determined by vacuum oven drying method at 105 ± 1°C for 4 hours. The change in moisture of prickly pear seeds during drying was expressed as a moisture ratio MR defined by the expression of Eq. (1).
where X, Xo, and Xeq are moisture content at any drying time, initial and equilibrium moisture content (kg water/kg dry matter), respectively. This last parameter Xeq was experimentally determined at different climatic conditions (desorption isotherms) [4] .
Fig. 1 Prickly pear fruit of the 'Ameclyae' variety.
The extraction of oil from dried seeds was performed at cold temperature using liquid/solid separation method. Before the extraction process, the dried seeds were reduced into a fine powder using electronic grinder, at a temperature around 23°C. This mechanical separation processing is the most recommended in agricultural industry for its low cost and it preserves nutrients. There are four tocopherols and four tocotrienols in the seeds oil. α-tocopherol was chosen because it is the most active molecule and represents a good reagent against oxidation parameters. Besides, the α-tocopherol plays a vital role in the human body as antioxidant to neutralize free radicals and protect the cell tissues. The α-tocopherol was identified and quantified by using an analytical HPLC system Agilent Series 1100, equipped with a quaternary pump and a UV-visible detector (diode array detector). Identification of compound was achieved by comparing their retention time values with those of standard curve (concentration versus peak area).
Results and discussion

Chromatograms of α-tocopherol in prickly pear oil
Typical chromatograms of α-tocopherol in seeds oil corresponding to two different drying conditions are presented on 
Experimental drying curves
The drying kinetics curves of thin layer prickly pear seeds at different drying conditions are given on Figs. 3 and 4. As it can be observed, the constant rate-drying period do not appear clearly in drying curves which is similar with those reported in literature: orange seeds by Rosa et al. [5] and grapefruit seeds by Cantu-Lozano et al. [6] . The absence of a clearly constant rate period is due to the difficulty of the capillary migration of water from the wet heart to the rigid surfaces of prickly pear seeds. The heating up period is attributed to the warming of the seeds from the ambient temperature to the over temperature of 45 or 70°C, and shorter by 45°C drying temperature. Otherwise, the air temperature is the operating parameter which affect significantly the drying kinetics of thin layer of seeds as reported by several investigators, e.g. Tang and Sokhansang [7] for lentils and Desmorieux and Decaen [8] for Spirulina. Although, the drying process is controlled by the water internal diffusion inside the seeds, the less important effect of air velocity on the drying kinetics can be explained by the dependence of the convective exchange coefficients with the air velocity. This suggests that the moisture content depends on the effective diffusion and can be simply modelled by the Fick's second law and the semi-empirical models derived from it. 
Effect of drying conditions on the extracted oil quality
According to our results, reported in Table 1 , α-tocopherol was found in variable concentrations (0.249-0.970 mg/kg). These values are arithmetic mean of at least three separate determinations. They are lower than those reported by Ramadan and Morsel [9] for prickly pear seed oils (56 mg/kg) obtained by solvent extraction and analyzed by HPLC technique. This difference in the α-tocopherol concentration can be explained essentially by the fruit variety, the stage of fruit ripeness, the drying mode prior extraction and also the extraction process. Indeed, according to Tuberoso et al. [10] , tocopherol contents were significantly higher (p < 0.05) in oils obtained by solvent extraction than by pressing. Furthermore, the amount of α-tocopherol in grape seeds oil was 124,5 mg/kg [11] and in Chia seed oil ranging from 0.4 to 9.9 mg/kg [12] . Table 1 . α-tocopherol concentrations corresponding to 2
factorial design
The effect of increasing the air velocity from 1 to 2 m/s, averaged over all levels of air temperature and air humidity, decreases the α-tocopherol concentration from 0.693 to 0.437 mg/kg. Also, the effect of increasing the air humidity from 15 to 30% decreases the α-tocopherol concentration from 0.628 to 0.502 mg/kg. Temperature is a factor of lesser importance. Indeed, the effect of increasing air temperature from 45 to 70°C decreases the α-tocopherol concentration from 0.606 to 0.523 mg/kg. That mean that α-tocopherol molecule is more stable at heat treatments. Stability of α-tocopherol is explained by the role of phenolic compounds that protect the α-tocopherol from oxidation during the heating. Indeed, Ramadan and Morsel [9] reported that, the amount of phenolic compounds in prickly pear seeds was found to be 403 mg/kg of seeds. According to Rocha et al. [13] , drying temperatures is the most important parameter to preserve the active ingredients of volatile oil in gland cells, which are very sensitive to temperature increase. Likewise, Miranda et al. [14] observed an increase in tocopherol content with drying air temperature in quinoa seeds within temperature range of 40-80°C. Our results show that α-tocopherol is more sensitive to increase velocity, which can be linked to oxygen, than to the temperature. These results are consistent with those found by Park et al. [15] who reported that more than 20% α-tocopherol degradation were observed in conditions of 21% oxygen.
Conclusions
-The experimental drying kinetics of a thin layer of prickly peer seeds exhibits a heatingup, constant rate and falling rate periods. The drying air temperature was the main factor influencing the drying kinetics.
-The Midilli-Kucuk model was the best for fitting the drying kinetics of prickly pear seeds. -The relative humidity and the velocity of air were the factors that influence the prickly pear seed oil quality, qualified by α-tocopherol contents after extraction. The convective drying of thin layer fresh seeds at air drying temperature of 45°C, air relative humidity of 15% and air velocity of 1m/s involves the highest quality of extracted oil in terms of α-tocopherol compound concentration. This optimum scenario for best oil quality can be used in photochemical industries. 6. References 
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